Geochemical characterizations of the Cretaceous formations at Site 603 are quite comparable with those at Site 105. In the Blake-Bahama and the Hatteras formations, the petroleum potential is medium (<5 kg HC/t of rock) to very low (<0.5 kg HC/t of rock), and the organic matter is mainly of type III origin, that is, terrestrial. At the top of the Hatteras Formation, there is a condensed series, which chiefly contains organic matter of type II origin, with up to 20 wt.% total organic carbon content in Core 603B-34 and 25 wt.% in Core 105-9. This accumulation corresponds to the Cenomanian/Turonian boundary event. An examination of dinoflagellates in the kerogen concentration assigns dates to the samples studied by organic geochemistry. The Cenomanian and Turonian age of the organic-matter-rich black claystones indicates a low rate of sedimentation, about 1 m/Ma. Furthermore, the occurrence of type II organic matter indicates an anoxic environment with insufficient oxygen renewal to oxidize the sinking hemipelagic organic matter. This organic enrichment is not related to local phenomena but to sedimentation over an extended area, because deposits are well known in various areas with different paleodepths in the North Atlantic.
INTRODUCTION
Hole 603B was drilled in 4642 m of water on the lower continental rise, 270 n. mi. east of Cape Hatteras (Fig. 1) . The depositional history of Hole 603B was influenced by coastal oceanic events, whereas Site 105, only 68 n. mi. to the southeast (5251 m water depth), showed mainly pelagic influences.
At Site 105, three formations were found in the Cretaceous deposits:
1. The Blake-Bahama Formation (Hauterivian-Barremian), consisting of alternating dark marlstones and limestones.
2. The Hatteras Formation (Aptian-Albian-lower Cenomanian), consisting of alternating green and black shales.
3. The Plantagenet Formation (Senonian), composed of multicolored claystones.
In Hole 603B these formations occur in Lithologic Units III, IV, and V. In addition, however, Hole 603B intersects a deep-sea fan which perhaps forms part of an apron of clastic-rich sediments of late Hauterivian-Barremian age along the lower continental margin of eastern North America.
Previous studies of Cretaceous deposits from DSDP sites in the North Atlantic (Graciansky et al., 1982; Herbin and Deroo, 1982; Müller et al., 1983) showed that an event corresponding to the upper Cenomanian/Turo-nian boundary existed between the Hatteras Formation and the Plantagenet Formation. This event, named variously the E2 Event, Cenomanian/Turonian Black Shales Horizon, or Cenomanian/Turonian Boundary Event (CTBE), is characterized by a level of laminated black claystones very rich in type II organic matter (15 to 40 wt.% of total organic carbon). The CTBE occurs along the different continental margins of the North Atlantic. Off the African continental margin it has been recognized at DSDP Sites 135, 137, 138, 367, and 368 as well as on the shelf in Senegal (Casamance area) or Morocco (Agadir-Tarfaya basins and Rif Mountains) (Herbin, Montadert, et al., in press; Thurow and Kuhnt, in press ). Sites 398 and 551 off the European margin also give good opportunities to study the CTBE. However, off the American continental margin, only Site 105 up to now has revealed the presence of the CTBE in the western North Atlantic. Condensed deposits with a high total organic carbon content in Sections 105-9-3 and 105-9-4 mark the break between the Hatteras and the Plantagenet formations. The same phenomenon occurs over a longer interval in Sections 603B-34-1 to 603B-34-6. This chapter has two sections. In the first, the results of detailed analyses of all of the Cretaceous formations in Hole 603B (lithologic Units III, IV, and V) will be discussed. In the second, the CTBE will be studied, first at Site 105 and then at Site 603.
METHODOLOGY
The amount of total organic carbon (TOC) was determined by a new methodology adapted to the Rock-Eval apparatus (Espitalié et al., 1984) . After pyrolysis in an inert atmosphere, where the petroleum potential of the rock was determined (peaks S! and S 2 ), the rock was burned at about 600° C for 5 min. to determine the residual organic carbon content by detecting the CO 2 resulting from this combustion. The total organic carbon content of the sample is the sum of the residual organic carbon and the pyrolyzed organic carbon. Under these conditions, the carbonates that are decomposed by a temperature below 600°C (siderite, nahcolite, dawsonite, etc.) are destroyed during the preceding pyrolysis and cannot interfere with the combustion of the residue, whereas decomposition of other carbonates (calcite, dolomite) is very low at 600°C during such a short (5 min.) .combustion time.
Total organic carbon and Rock-Eval pyrolysis assays were performed on 436 samples. Among the 21 samples issued by the Organic Geochemistry Panel (Table 1) , 13 with TOC of 0.5 wt.% were selected to be chloroform-extracted and analyzed by gas chromatography for their saturated hydrocarbons. Elemental analysis of the kerogen was performed on 11 samples. Since the preparation of the kerogen concentrates (Hue et al , 1978) was the same for the geochemical study and for the palynological study, both were performed in the interval containing the CTBE (Core 34) to characterize the type of organic matter and the age for the same rock. Table 1 . Geochemical data for the samples issued from the Organic Geochemistry Panel.
Core-Section (interval in cm) [140] [141] [142] [143] [57] [58] [59] [60] [61] [62] [127] [128] [129] [130] [131] [127] [128] [129] [130] [131] [132] [133] [1] [2] [3] [4] [5] [6] [7] [8] [82] [83] [70] [71] [72] [73] [23] [24] [25] [74] [75] [76] [143] [144] [145] [146] [147] [148] [10] [11] [12] [13] [14] [15] [23] [24] [135] [136] [137] [138] [139] [125] [126] [127] [128] [129] [130] [135] [136] [137] [138] [125] [126] [127] [128] [129] [130] [17] [18] [19] [32] [33] [34] [47] [48] [49] [125] [126] [127] [128] [129] [130] [124] [125] [126] [127] [128] [129] Sub-bottom depth (m) Fig. 2) Petroleum Potential (Table 1) The petroleum potential is defined as the sum of RockEval peak S (corresponding to the free hydrocarbons in the rock) and peak S 2 (related to the hydrocarbons expelled during kerogen pyrolysis) (Espitalié et al., 1977) . It is expressed in kilograms of hydrocarbons per metric ton of rock (kg HC/t). Five classes were considered: very good, more than 20 kg HC/t; good, 5.01 to 20.00; medium, 2.01 to 5.00; low, 0.51 to 2.00; and very low, 0.50 and less.
In the deep-sea fan of the Blake-Bahama Formation, the petroleum potential is very low to low except at the bottom. There, in samples of Valanginian age (47) (48) (49) (125) (126) (127) (128) (129) (130) , it reaches 3 to 4.3 kg HC/t. In the greyish claystones of the Hatteras Formation the petroleum potential is medium, 4 to 5. However, it is very low in the green and reddish claystones (0.06 to 0.25. At the top of the Hatteras Formation (Core 603B-34 and -33) the petroleum potential is good and even very good, with 4.6 to 104.3. This richness reflects the CTBE. This high content disappears in the multicolored claystones of the Plantagenet Formation (0.37 to 1.11) and in the overlying Bermuda Rise Formation (0.70) Maturation (Table 1) During pyrolysis of organic matter by Rock-Eval, the temperatures reached at maximum hydrocarbon production (T max ) for peak S 2 depend on both the stage of maturation and the nature of the organic matter (Espitalié et al., 1985) . Vitrinite reflectance can be compared with the maturation scale derived from the Rock-Eval. A reflectance of 0.5%, which defines the boundary between immature and mature organic matter, roughly corresponds to T ma x °f 435°C for organic materials of types II and III.
In the Blake-Bahama Formation, T max ranges from 418 to 436°C with an average of about 426°C. The higher values could reflect a moderate inertinite content. The location of the formation above the oil window is in agreement with the present depth of burial (1300 to 1560 m). In the Hatteras Formation, the samples with TOC lower than 0.2 wt.% do not give reliable T max data, so only two samples give reliable temperature data (430°C and 433°C). In the organic-matter-rich level at the top of the Hatteras Formation, T max is much lower because the type of organic matter changes (average T max = 416°C). The sample richer in TOC from the Plantagenet Formation (Sample 603B-29-1, 57-62 cm) gives a T max of 440°C, which is probably due to reworked material. (Table 1, Fig. 2) Three types of kerogen can be distinguished from pyrolysis studies. Types I and II are related to lacustrine or marine reducing environments and are derived mainly from planktonic organisms, whereas type III comes from organic matter derived from terrestrial plants and transported to a marine or nonmarine environment with a moderate level of degradation. Intermediate kerogens are common, particularly between types II and III. They result from a mixture of marine and terrestrially derived organic matter or from the biodegradation of marine organic matter (Tissot and Pelet, 1981) . A fourth type of organic matter is residual organic matter, which may be either recycled from older sediments by erosion or deeply altered by subaerial weathering (Tissot et al., 1979) .
Nature of the Organic Matter
In the Blake-Bahama Formation, two sets of organic matter can be distinguished. A deeply altered, residual organic matter occurs in the samples of Barremian or Hauterivian age (135) (136) (137) (138) (139) (135) (136) (137) (138) (125) (126) (127) (128) (129) (130) and at the bottom of the hole in Sample 603B-81-3, 124-129 cm, whereas in Cores 603B-75 and -76 the marls contain organic matter of terrestrial origin (Fig. 2) . In the Hatteras Formation, the dark claystones (with an average TOC content of 3 wt.%) contain type III organic matter. This terrestrial organic matter is common to the entire "Black Shales Formation" wherever the sites may be (105, Leg 11; 391, Leg 44; or 534, Leg 76, Herbin et al., 1983) . On the other hand, the high TOC content at the top of the Hatteras Formation (Cores 603B-34 and -33) belongs chiefly to a type II organic matter with a hydrogen index (HI) ranging from 324 to 485 mg HC/g TOC. The preservation of organic matter of planktonic origin at this level indicates an anoxic environment which coincides with the Cenomanian/Turonian boundary.
Above the CTBE, the organic matter is residual (Sample 603B-29-1, 57-62 cm) in the Plantagenet Formation.
Kerogen Study (Table 1, Fig. 3 ) Eleven samples were selected from different formations at Site 603 and prepared for elemental analysis of the kerogen concentrations ( Table 1) . The H/C and O/C ratios in Table 1 are plotted on a Van Krevelen diagram (Fig. 3) according to the three reference evolution paths for types I, II, and III kerogens from ancient sediments (Tissot et al., 1974 ).
An immature stage can be assigned to all samples. Samples 603B-71-5, 125-130 cm, of Hauterivian age, and 603B-29-1, 57-62 cm, of Santonian age, are located below the limit for kerogen of types I, II or III. They contain degraded kerogen considered as residual organic material (Tissot et al., 1979) . A group of five samples is located near the evolution path for type III; Samples 603B-75-5, 17-19 cm, of Valanginian age, and 6O3B-35-3, 74-76 cm, of Cenomanian age, have a higher H/C atomic ratio than Samples 6O3B-81-3, 124-129 cm (Valanginian), 603B-66-2, 135-138 cm (Hauterivian), and 603B-44-1, 23-24 cm (Aptian). From pyrolysis analysis, Samples 603B-81-3, 124-129 cm and 603B-66-2, 135-138 cm were previously interpreted as consisting of residual organic matter, but the kerogen study indicates a type III Fig. 4) The extracts collected from 13 selected samples (Table 1) represent 0.016-0.387 wt.% of rock, corresponding to 1.1-3.1 wt.% of extract to TOC. As is usually found in DSDP sites, polar compounds with high molecular weight predominate in the extract. Thus the hydrocarbons are represented by 5.7-15.3 wt.% of the total extract (exceptionally, 32.2 in Sample 603B-29-1, 57-62 cm).
Ten extracts were then selected for capillary gas chromatography (GC) studies (Fig. 4) . The GC analysis of saturates + unsaturates reveals comparable chromatograms for the samples analyzed from the Valanginian (Sample 603B-75-5, 17-19 cm), Hauterivian (Sample 603B-71-5, 125-130 cm), Barremian (Sample 603B-53-4, 135-139 cm), Aptian (Sample 603B-44-1, 23-24 cm), Cenomanian (Sample 603B-35-3, 74-76 cm), and Santonian (Sample 603B-29-1, 57-62 cm). Predominance of odd-numbered molecules in the «-C 23 to «-C 35 fraction indicates immature material. Pristane slightly predominates over phytane in all these samples. The geological environment can influence the formation of the isoprenoids issuing from phytol after deposition or during maturation (Sever and Parker, 1969; Simoneit, 1973; Ikan et al., 1975a, b) . The sediments where pristane is equal to or higher than phytane should indicate an environment unfavorable to the preservation of organic matter. The degradation of phytol indicates the phytenic acid precursor of pristene and then of pristane. In contrast, in Samples 603B-34-5, 23-25 cm and 603B-34-1, 82-83 cm from the Cenomanian/Turonian boundary-much richer in TOC (4.6-20.4 wt.%)-the GC study shows that phytane predominates over pristane. This richness in isoprenoids, particularly in phytane, could indicate deposition in a more restricted environment. The occurrence of organic matter of marine origin is, furthermore, suggested by the presence of sterane/sterene, triterpane/triterpene molecules in the /2-C 27 + range (Roucaché et al., 1979) (Fig. 4) .
THE CENOMANIAN/TURONIAN BOUNDARY EVENT Site 105
Site 105 was drilled during Leg 11 on the lower continental rise hills off Cape Hatteras . In Sections 105-9-3 and 105-9-4 (289 to 292 m), a major lithological change marks the top of the "black shales" sedimentation of the Hatteras Formation. Above this break, the Upper Cretaceous to lower Tertiary multicolored claystones (from the top of Core 105-9 to Core 105-5) show a very low sedimentation rate, resulting from the small proportion of terrigenous material and the absence of calcareous and siliceous microfossils. In this interval, the major components of the sediments are of volcanic origin, with metal enrichments. This volcanic activity can be correlated to a major phase in the tectonic history of the North Atlantic Ocean (Lancelot et al., 1972) . Below the break (from the bottom of Core 105-9 to Core 105-17, the black and olive green clays of Cenomanian to Albian age are interpreted as reflecting the alternation of reducing and mildly oxidizing conditions. The TOC of the black clays in Cores 17 to 10 range between 1 and 5 wt.%, and higher TOC is reached in Core 9: up to 10 in Sections 105-9-5 to 105-9-6 and even up to 25 in Sections 105-9-3 to 105-9-4 . These high contents, located just within the break, underlie the stratigraphic "hiatus" between upper Cenomanian and Senonian, at a time when the accumulation rate should have been < 1 m/Ma. New results obtained from the stratigraphic synthesis of the DSDP sites in the North Atlantic (Müller et al., 1983) have made it possible to date Section 5 at 93 cm as late Cenomanian with Sections 3 and 4 being located in the CTBE.
A detailed sampling along a 7.5-m interval between 287.5 and 295 m (Core 105-9 from Sections 2 to 6), allows study of the TOC content and the type of organic matter in this condensed sedimentary section. A typical alternation of black and green claystones occurs from the bottom of Section 6 to Section 4 at 87 cm. As in the whole Hatteras Formation, the thickness of the green layers is much greater than the black ones. In contrast, from Section 4 at 86 cm to Section 3 at 110 cm, the lithology is composed of about 20 sequences of black claystones with cm-scale to mm-scale green layers (see description in Fig. 5 ). The TOC is very high in this interval: 10 to 25 wt.% (Table 2 ) in contrast to the general content of the Hatteras Formation (2 to 5) (Fig. 6 ). All the interbedded green claystones have low TOC (0.35) like the moderate brown claystones of the top of the core from Section 3 at 110 cm to Section 1. In all the facies the carbonate contents are very low (0 to 17 wt.% CaCO 3 ).
The organic matter is mainly detrital in the lower part of Core 105-9 (Sections 5 and 6) as it was below, in the Hatteras Formation. In the break from Sample 105-9-4, 86 cm to 105-9-3, 110 cm, the organic matter is a mixture of types II and III (Fig. 6 ). This composition is confirmed by the elemental analysis of the kerogen in Sample 105-9-4, 13-15 cm (H/C = 1.10 and O/C = 0.19).
At 95 Ma, Site 105 was located in an abyssal paleoenvironment; paleodepth reconstruction indicates a depth of approximately 4100 m (Chénet and Francheteau, 1979) .
Site 603
Since preparation of the kerogen concentrates (Hue et al., 1978) was the same for both the geochemical study (elemental analysis) and the palynological study, both analyses were performed on the samples issued from the Organic Geochemistry Panel in order to obtain information about the age of the sediments from the marine palynomorphs, especially dinoflagellate cysts.
Three samples from Core 34, Sample 603-33,CC, and one sample from Core 29 were analyzed. Fifty-five species were recovered (Fig. 7) . Dinocysts from Core 34 are poorly preserved, in contrast to the well-preserved specimens from Core 29. Comparison with well-known stratigraphic ranges established in accurately dated European, Canadian, and African onshore sections and local ranges established at previous DSDP sites in the North Atlantic, especially Site 105, made it possible to determine the age of these samples. [23] [24] [25] cm: Latest Albian (Vraconian) to early Cenomanian. The stratigraphically significant species are listed:
Epelidosphaeridia spinosa (Plate 1, Fig. 1 ) first appears in the Vraconian of the Col de Palluel section . Litosphaeridium siphonophorum (Plate 1, Fig. 2 ) first occurs in the late Albian of France and of Morocco (Below, 1982) . Odontochitina costata (Plate 1, Fig. 3 ) and Ovoidinium verrucosum first occur in the Vraconian . The assemblage is characterized by a high percentage of Cyclonephelium hughesii (Plate 1, Fig. 8 ), and Ovoidinium ovale (Plate 1, Fig. 4 ). E. spinosa and L. siphonophorum first appear at or near the base of the Spinidinium echinoideum zone of Habib, 1977 , in Holes 105 (Habib, 1972 and 534A (Habib and Drugg, 1983) .
2. Sample 603B-34-3, 70-73 cm: Cenomanian. The species are considered to be stratigraphically important are listed:
Palaeohystrichophora infusorioides (Plate 1, Fig. 9 ) first appears in the Vraconian . Dinogymnium acuminatum (Plate 1, Fig. 7 ). The first occurrence of Dinogymnium species is in the upper part of the Turonian from the Turonian stratotype area (Foucher, 1982) . One specimen has been recorded in the Cenomanian from the southwest of France (Azéma et al., 1981) . The genus has been recorded sporadically from the middle Cenomanian of Africa (Boltenhagen, 1977) . According to Morgan (1978) , S. Jardiné has found these Dinogymnium species in African sediments older than Santonian. Species of Dinogymnium have not been recorded from the lower Cenomanian of Morocco (Below, 1981 (Below, , 1982 . Thus a middle or late Cenomanian through Turonian age is suggested by dinocysts. Dinogymnium species has been recorded in Sample 398D-56-2, 122-124 cm (Masure, 1984) . Futher, the genus Dinogymnium has been observed in Sample 101A-4-1, 136-139 cm and Section 105-10-2 (Habib, 1972; Habib and Knapp, 1982) ; these samples are dated Vraconian or early Cenomanian by foraminifers and radiolarians (Müller et al., 1983) . 3. Sample 603B-34-1, 82-83 cm. Dinocysts are very rare and poorly preserved against a background of abundant organic matter.
Cyclonephelium vannophorum is recovered in this sample. It first occurs in the European Cenomanian (Davey, 1969) . 4. Sample CC, [1] [2] [3] [4] [5] [6] [7] [8] : upper Cenomanian-lower Turonian. For this sample a few diagnostic species have been recorded.
Trithyrodinium suspectum (Plate 1, Fig. 13 ) first appears in the Cenomanian (Manum and Cookson, 1964) . T. suspectum has been recovered in Sample 105-9-5, 88-89 cm (Habib and Knapp, 1982) . A late Cenomanian-lower Turonian age is suggested by radiolarians (Müller et al., 1983) . Florentinia resex (Plate 1, Fig. 11 ) has been recorded in the European Turonian and also from the Aptian and Albian of Morroco (Below, 1982) .
Litosphaeridium siphonophorum is present in this sample. It last occurs in the upper part of the Cenomanian (Foucher, 1979 (Foucher, , 1982 . 5. Sample 603B-29-1, 57-62 cm: Santonian. A rich and diverse microplankton assemblage was recovered from this sample. The stratigraphically significant species are:
Senoniasphaera rotundata (Plate 2, Fig. 1 ) and 5. protrusa (Plate 2, Fig. 2 ). S. rotundata appears in the lower part of the Turonian stratotype (Foucher, 1982) and in the Coniacian of Canada (Bujak and Williams, 1978) . S. protusa appears in the middle Santonian of France (Foucher, 1979) and in the Turonian of Canada (Bujak and Williams, 1978) . .Lithological description of Sections 105-9-2 to 105-9-6 (Cenomanian/Turonian Boundary Event). Stancolor coding noted on column.
Dinogymnium euclaense and Coronifera striolata (Plate 2, Fig. 5 ) first occur in the Santonian of Canada (Bujak and Williams, 1978) .
After the CTBE was recognized from the enrichment in type II organic matter in the samples issued from the Organic Geochemistry Panel and that recognition confirmed by the ages just given the break between the Hatteras and Plantagenet Formations (Core 603B-34) was sampled specifically for a detailed study of the organic content and nature of the organic matter along the CTBE. This study shows the advent of the anoxic environment during the CTBE and the cyclic influences of anoxia, more and more favorable to the preservation of marine organic matter, from the bottom to the top of Core 603B-34 (i.e., between 1136.5 and 1127.5 m).
In Core 34, 19 sedimentary sequences were determined on the basis of the sedimentological descriptions ( Fig. 8 ) and results on geochemical data (Fig. 9) . These sequences are named Sequences A to S and may be subdivided into two or more subunits, one labeled by odd numbers (Al, A3, Bl, Cl, etc.) corresponding to the dusty yellow-green 5GY 5/2 claystones with greyish yellow green laminations 5GY 7/2, and one labeled by even numbers (A2, A4, B2, C2, etc.), corresponding to the laminated black claystones. In the following description we study the sequences stratigraphically, from the bottom of Core 603B-35 to the top of Core 603B-34. The sequences are devoid of any variations in the carbonate content (Fig.  9) . Whatever the lithology (green or dark claystones), the CaCO 3 content is less than 10 wt.% with an average content of 5, except in Sample 603B-34-3, 118-119 cm, where it reaches 21 (Table 3) .
In Core 603B-35 the alternations of black shales from the Hatteras Formation contain mainly type III organic matter (see the detailed study of Sample 6O3B-35-3, 74-76 cm). The petroleum potential is medium to good (2.15 to 8.36 kg (HC/t of rock) in the richer sample, where the hydrogen indices range from 105 to 217 mg HC/g TOC. At the bottom of Core 603B-34, the green claystones Al of sequence A) are very poor in TOC (<0.2 wt.%). The sequence is bimodal, with two slight enrichments in TOC: 0.7 wt.% in A2 and 1.04 to 1.79 wt.% in A4; both contain an organic matter of type III origin. The sequences above B, C, and D, have very thin, dark levels (B2 = 2 cm, C2 = 4 cm, D2 = 8 cm), but they are richer in TOC (2.06 to 5.29 wt.%), with a petroleum potential ranging from 3.6 to 18.1 kg HC/t of rock. The hydrogen indices are often higher than 300 and even reach 354 mg HC/g TOC in Sample 603B-34-5, 82-83 cm, indicating a greater ratio of marine organic matter and/or less degradation than in the underlying dark claystones. This pattern extends to sequences E and F, where the dark claystones are again thicker (E2 = 36 cm, F2 = 54 cm). The TOC contents reach 7.7-7.8 wt.% at the top of the sequences, corresponding to a petroleum potential near 30 kg HC/t of rock. The hydrogen indices are also a slightly higher, about 380 mg HC/g TOC. Sequence G is different because of the bioturbated levels (G3 and G5) on both sides of dark claystones (G4), where 
Core-Section (level in cm)
9-2, 23 9-2, 58 9-2, 100 9-2, 115 9-2, 140 Plantagenet Fm.
9-3, 24 9-3, 44 9-3, 57 9-3, 67 9-3, 94 9-3, 109 9-3, 100 9-3, 111 9-3, 112 9-3, 113 9-3, 114 9-3, 118 9-3, 120 9-3, 121 9-3, 122 9-3, 123 9-3, 125 9-3, 126 9-3, 128 9-3, 132 9-3, 134 9-3, 135 9-3, 138 9-3, 139 9-3, 145 9-3, 147 9-3, 149 9-3, 150 9-4, 2 9-4, 7 9-4, 10 9-4, 11 9-4, 11 9-4, 12 9-4, 13 9-4, 16 9-4, 23 Cenomanian/Turonian 9-4, 25 Boundary Event 9-4, 25 9-4,29 9-4, 36 9-4, 39 9-4, 43 9-4, 52 9-4, 53 9-4, 58 9-4, 62 9-4, 69 9-4, 70 9-4, 73 9-4, 79 9-4, 80 9-4, 82 9-4, 83 9-4, 86 9-4, 87 9-4, 88 9-4, 89 9-4, 93 9-4, 103 9-4, 106 9-4, 113 9-4, 118 9-4, 120 9-4, 131 9-4, 132 9-4, 138 9-4, 141 9-4, 142 9-4, 148 Core-Section (level in cm) 9-5,4 9-5, 5 9-5, 7 9-5, 14 9-5, 18 9-5, 21 9-5, 22 9-5, 23 9-5, 46 9-5, 65 9-5, 66 9-5, 67 9-5, 75 9-5, 79 9-5, 80 9-5, 89 9-5, 93 9-5, 94 9-5, 119 9-5, 127 9-5, 128 9-5, 130 9-5, 132 9-5, 134 9-5, 137 9-5, 138 Hatteras Fm.
9-5, 144 9-5, 150 9-6, 1 9-6, 3 9-6, 39 9-6, 40 9-6, 41 9-6, 64 9-6, 69 9-6, 75 9-6, 78 9-6, 82 9-6, 87 9-6, 90 9-6, 91 9-6, 106 9-6, 111 9-6, 114 9-6, 116 9-6, 117 9-6, 122 9-6, 125 9-6, 130 9-6, 135 9-6, 141 9-6, 144 9-6, 150 the TOC content is often lower than 1 wt.% and the hydrogen indices lower than 50 mg HC/g TOC. Because of the bioturbated area, the trend of sequence G is symmetrical, and the highest TOC content is reached in the middle of G4 (Samples 603B-34-4; 56-57 cm: TOC = 6.5 wt.%, S! + S 2 = 26.54 kg HC/t of rock, and HI = 390 mg HC/g TOC).
In sequences H and K (sequences I and J being undeveloped), the TOC contents increase again: 9.12 wt.°7o in H2 (Sample 603B- (Fig. 9, Table 3 ). In overlying sequences R and S, the enrichment decreases, since in R2 the TOC content is about 14.26 wt.%, S! + S 2 =
£1
-9-c o 67.04 kg HC/t of rock, and HI = 440 mg HC/g TOC, and in S 2 , TOC content = 8.25 wt.%, Si + S 2 = 33.75 kg HC/t of rock, and HI = 387 mg HC/g TOC. Some of the sequences are symmetrical, with a proggresive increase in TOC enrichment, one or two maxima (depending on the sequence), and then a progressive decrease. For example, sequences M and R have one maximum, whereas sequences L and N have two (Fig. 9) . Other sequences show an asymmetric variation of the TOC with a progressive increase but a sharp passage toward the green claystone of the following sequence. For example, the transition between sequences H and I occurs over 2 cm, with a decrease from 8.88 wt.% (Sample 603B-34-3, 138-139 cm) to 0.06 wt.% (Sample 603B-34-3, 136-137 cm) ( Table 2 ). Such sharp transitions characterize the top of various sequences (E, F, H, L) (Fig. 9) . The hydrogen indices fluctuate in the same way, with one or two maxima often higher than 400 mg HC/g TOC (sequences L to R), indicating better preservation of marine organic matter in Core 34 (Figs. 9-10 ).
CONCLUSIONS
The Cretaceous formations in Hole 603B can be characterized by the organic carbon content, the petroleum potential, and the type of organic matter.
In the Blake-Bahama Formation the samples richer in TOC (2.63 wt.%) have medium petroleum potential (4.35 kg HC/t of rock). The same content is reached in the black claystones of the Hatteras Formation, where the higher TOC content is about 3.43 wt.%, corresponding to medium petroleum potential (5.01 kg HC/t of rock). In these two formations the organic matter is type III and is quite immature (above the oil window).
The break between the Hatteras and Plantagenet formations (Core 34) corresponds to the Cenomanian/Turonian Boundary Event (CTBE), which is dated by di- -3, 71 34-3, 72 34-3, 74 34-3, 76 34-3, 78 34-3, 80 34-3, 82 34-3, 84 34-3, 86 34-3, 88 34-3, 90 34-3, 92 34-3, 94 34-3, 96 34-3, 98 34-3, 100 34-3, 102 34-3, 104 34-3, 106 34-3, 108 34-3, 110 34-3, 112 34-3, 114 34-3, 116 34-3, 118 34-3, 120 34-3, 122 34-3, 124 34-3, 126 34-3, 128 34-3, 130 34-3, 132 34-3, 134 34-3, 136 34-3, 144 34-3, 146 34-3, 148 34-4, 0 34-4, 2 34-4, 4 34-4, 6 34-4, 8 34-4, 10 34-4, 12 34-4, 14 34-4, 16 34-4, 18 34-4, 20 34-4, 22 34-4, 24 34-4, 26 34-4, 28 34-4, 30 34-4, 32 34-4, 34 34-4, 36 34-4, 38 34-4, 40 34-4, 42 34-4, 44 34-4, 46 34-4, 48 34-4, 50 34-4, 52 34-4, 54 34-4, 56 34-4, 58 34-4, 60 34-4, 62 34-4, 64 34-4, 66 34-4, 68 34-4, 70 34-4, 72 34-4, 74 34-4, 76 34-4, 78 34-4, 80 34-4, 82 34-4, 84 34-4, 86 34-4, 88 34-4, 90 34-4, 92 34-4, 94 34-4, 96 34-4, 98 34-4, 100 34-4, 102 34-4, 104 34-4, 106 34-4, 108 34-4, 110 34-4, 112 34-4, 114 34-4, 116 34-4, 118 34-4, 120 34-4, 122 34-4, 124 34-4, 126 34-4, 128 34-4, 130 34-4, 132 34-4, 134 34-4, 136 34-4, 138 34-5, 0 34-5 noflagellate cysts in the kerogen fraction. In Hole 603B the CTBE is composed of 19 sequences. At the bottom of the core (sequence A), the origin of the organic matter is identical to that of the underlying Hatteras Formation (terrestrial organic matter). However, the maximum TOC content reached in the sequences gradually increases with the petroleum potential and the hydrogen index. Each new sequence reaches higher values than the underlying one, up to sequence Q (Section 1, between 62 and 94 cm).
In Site 105, only 68 n. mi. farther southeast, the CTBE is thinner (only 1.5 m) but the maximum TOC content is the same (up to 25 wt.%).
The CTBE is not a single, homogeneous, black shale layer, but appears to be a condensation of several thin levels, richer and richer in organic matter of type II origin, interbedded with thinner levels of green claystones. The alternation is identical to that of the Hatteras Formation, but in the CTBE preservation of organic matter of marine origin is better, indicating the presence of an anoxic environment just before the multicolored claystones in the Plantagenet Formation were deposited.
The spreading of the CTBE off the American continental margin (Sites 105 and 603) shows that the phenomenon previously recognized off the African and European continental margins (Sites 135, 137, 138, 367, 398 , and 551) is not restricted to the eastern North Atlantic. In addition, this type of sediment has even been observed on the continental margin of Venezuela in the La Luna and Querecual formations (Hedberg, 1937 (Hedberg, , 1950 , where it is an effective source rock. The CTBE seems to be a general feature, not a local one, of the North and South Atlantic oceans and the Tethys (Thurow and Kuhnt, in press; Herbin, Montadert, et al., in press; Herbin, Mül-ler, et al., in press) .
No simple explanation can be given for the phenomenon. The initial factor could be the acceleration of seafloor spreading, with an increase in tectono-magmatic processes on the ridge and consequently a rise of the sea level according to Boer's model (1983) . However, it has Oxygen index (mg CO2/g TOC) 100 100 Figure 10 . Characterization of the type of organic matter by pyrolysis method in the Cenomanian/Turonian Boundary Event at Site 603 (Sequences A to S, Sections 603B-34-1 to 603B-34-6 and 603B-35-1 to 603B-35-6). Size of the circles is proportional to total organic carbon.
not been truly settled whether the anoxic, deep ocean waters acted as an active trap or whether a relative increase in organic productivity in the ocean, too high for slow ocean water circulation, induced anoxia in deep water. But the hypothesis of high productivity is not truly in accordance with the low rate of sedimentation, and the reason that the ocean became more or less globally anoxic before the Plantagenet Formation was deposited still remains to be determined.
